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LOCAL USE OF HYDROCORTISONE ACETATE: 
A PRELIMINARY REPORT* 


RAYMOND C. V. ROBINSON 
The Division of Dermatology, Department of Medicine, The Johns Hopkins Hospital and University 


Received for publication June 5, 1953 


Critical evaluation of the local use of hydrocortisone acetate (Compound F) 
has been hampered by the meager supply of ointment available for research 
purposes. The present communication deals with the results obtained in 42 
patients and is presented as a preliminary report, since the preparation has 
already been made commercially available in limited quantities. It is hoped 
that this and other published reports (1, 2) may help restrict its use to those 
conditions which might be benefitted. 

It was necessary to limit the number of conditions under investigation in 
order to obtain results on which conclusions might be based. These are out 
lined in Table I. 

All patients had failed to improve on one or more methods of local therapy, 
but had not had x-radiation for at least two months prior to starting applica- 
tion of Compound F’. If improvement was not noted within 24 hours after the 
first use of the ointment, treatment was considered a failure. The ointment 
was applied in a thin layer three times daily to the affected areas. It was sup- 
plied to the patient in tubes, each containing 10 gm. One gram of ointment 
covered an area of approximately 300 square centimeters. 

Duration of therapy varied from one to 20 weeks except in the three patients 
who suffered reactions. These will be discussed later. 

Twenty of the 28 patients with atopic dermatitis obtained almost dramatic 
relief in the areas treated within 24 hours. Without exception, however, there 
was an exacerbation when the drug was withdrawn, the resulting eruption 
being at times more distressing than originally, possibly because of the psychic 
trauma of seeing a chronic eruption disappear “like magic’’, only to recur. 

In this group, it was noted that after the condition was controlled by hy- 
drocortisone, it seemed frequently to respond better to other local therapy 
than it had previously. This is merely a clinical impression and needs much 
further investigation but may prove to be the most practical way of using 
this preparation. 

Five of eight patients with pruritus vulvae were improved objectively, in 
that the concomitant eczematous dermatitis disappeared while the ointment 
was being applied. Only one of three patients with pruritus ani responded 


* Hydrocortisone acetate ointment was supplied by Merck Chemical Company. 
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favorably. In all patients who had shown improvement there was a recurrence 
of symptoms when the drug was stopped. 

The results in discoid lupus erythematosus deserve discussion in some detail 
since they differ from those obtained by Sulzberger, Witten and Smith (2). 
These patients were included since the only treatment of any potential value 
is that with quinacrine hydrochloride which is currently being investigated 
(3-5). 

One patient, a 40 year old white female, had had discoid lupus erythematosus 
of the face for at least four years. She had had, prior to coming under my ob- 
servation, at least 1000 r without effect, and 50 intramuscular injections of a 


TABLE I 


Effects of Hydrocortisone Acetate Ointment in Dermatoses 





“an dies Number Good Fair = _ 
Condition of Patients Results* Resultst Failures$ | Reactions 
Atopic dermatitis 28 20 6 0 2 
Pruritus vulvae 8 5 2 0 1 
Pruritus ani 3 1 2 0 
Discoid lupus erythematosus a 1 2 0 


* Good results: 75 per cent or more improvement objectively during observation period. 
} Fair results: 50 per eent objective improvement. 
t Failures: No improvement. 


suspension of bismuth subsalicylate in oil without effect. She was unable to 
take quinacrine hydrochloride (‘‘atabrine”’) because of nausea and was given 
a tube of hydrocortisone acetate ointment to apply four times daily. Within 
24 hours the patient had improved subjectively and at the end of twenty weeks 
the lesions had improved 50 per cent objectively. 

Another patient, a 34 year old white female, had a single lesion on the fore- 
head for at least ten years. X-radiation caused no improvement but there has 
been a 25 per cent improvement objectively after 15 weeks of therapy with 
the ointment. 

The third patient, a 45 year old white male, had received approximately 40 
injections of gold sodium thiosulfate, 20 injections of bismuth subsalicylate in 
oil and “several x-ray treatments,” to no avail. After two weeks of Compound 
F ointment the lesions had smoothed to a considerable degree but had become 
so tender that therapy was stopped. 


REACTIONS 


The three patients who reacted unfavorably all complained of increased 
burning and itching in the areas where the ointment was applied. In view of 
the pharmacologic activity of hydrocortisone this was an unexpected and 
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inexplicable phenomenon, except that the ointment base contained lanolin 
and two of the patients were later proven sensitive to lanolin by patch tests. 

['welve of the 28 patients with atopic dermatitis showed objective improve 
ment of involved areas distant from the site of application of ointment. This 
would suggest percutaneous absorption of hydrocortisone. However, no other 
systemic effects were noted and therefore the danger of generalized reaction 
was considered insignificant. No toxic reactions are mentioned in published 


reports 
SUMMARY AND CONCLUSIONS 


l'orty-two patients with atopic dermatitis, pruritus ani, pruritus vulvae or 
discoid lupus erythematosus were treated with topical applications of an 
ointment containing 2.5 per cent hydrocortisone acetate. 

Twenty of twenty-eight patients with atopic dermatitis showed definite 
improvement within 24 hours. All patients had exacerbations when applica- 
tions were discontinued. 

Five of eight patients with pruritus vulvae and one of three patients with 
pruritus ani improved as long as the ointment was kept applied but sustained 
flare-ups on withdrawal. 

The results in discoid lupus erythematosus in this series are such that 
further study is indicated, since other investigators (1, 2) do not agree as to its 


value. 
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DIAGNOSIS AND SURGICAL REMOVAL OF INTRACAVITARY 
MYXOMA OF THE RIGHT ATRIUM* 
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Departments of Surgery and Medicine, The Johns Hopkins University School of Medicine 
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Primary tumor of the heart is a lesion which many authors have stated 
should be amenable to cure in the rapidly advancing field of cardiovascular 
surgery. Approximately 400 such tumors have been reported. About a third of 
these have been sarcomas in which therapy could only be palliative, and a 
number have been small incidental findings at autopsy. At least 126 and 
probably more have been intracavitary myxomas, tumors which, because of 
their relatively small pedicle that is almost always attached to the region of the 
fossa ovalis, and because of the circulatory embarrassment that they produce, 
have often interested the surgically minded at the time of autopsy. In spite 
of a fairly clear clinical picture in many of these patients, the diagnosis of an 
intracavitary myxoma has been made before death or operation in only three 
instances of which we are aware (1-3). Surgical removal was attempted in 
two of these. Following is a case report of a patient with myxoma of the right 
atrium in whom surgical removal was performed with survival for three and a 
half weeks after operation. 


CASE REPORT 


B. J., a 54 year old white woman was referred to one of us (E. V. N.) by Drs. Walter B 
Martin and John Franklin, of Norfolk, Virginia, because of dyspnea and evidence of cardiac 
inflow stasis of six and one half years’ duration. She had been essentially well prior to the 
present illness with no history of rheumatic fever. Ten years prior to admission she felt tired 
and experienced a lack of energy and generalized weakness. A chronic cough appeared 
In 1946 generalized edema was first noted which appeared first in the legs and then spread 
to involve even the face. She was admitted to the Union Memorial Hospital in Baltimore 
where during a six weeks’ hospitalization she was found to have hypertension with a blood 
pressure which at times was 200 systolic and at other times was normal. Venous pressure was 
elevated and ascites was present. A diagnosis of nephrosis was made and she was given 
mercurial diuretics which resulted in a loss of 70 pounds in weight. Her generalized anasarca 
recurred on discharge from the hospital, and dyspnea and orthopnea reappeared. In De 
cember 1946 she was admitted to Lakeside Hospital, Cleveland, where she was found to 
have a blowing systolic murmur heard over the precordium, a venous pressure of 280 
millimeters of saline, and a blood pressure which was always less than 100 systolic. Pulse 
pressure ranged from 20 to 30 millimeters of mercury. Diagnosis of cardiac compression 
was made, but at thoracotomy 300 to 400 cubic centimeters of pericardial fluid was found 


which was released, and the pericardium was left open into the left pleural cavity. There was 


* Aided by a grant from the United States Public Health Service, National Institutes ol 
Health, Bethesda, Maryland. 
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no evidence of constrictive pericarditis. Venous pressure fell to 170 millimeters of saline 
while in the hospital but edema, which lessened immediately after operation, recurred. 
Following discharge edema increased and ascites reappeared. Paracenteses and mercurial 


diuretics were employed. In 1949, for the first time, a rather loud presystolic, crescendo 
murmur was audible over the precordium. In the year prior to admission she had been 
limited to a bed and chair existence with exertional dyspnea, two to three pillow orthopnea 
and distressing edema of the legs. She became refractory to mercurial diuretics, and her liver 
vas said to have enlarged. For a few weeks prior to admission persistent albuminuria was 
noted. 

Physical examination showed a blood pressure which was always less than 100 systolic 
and usually was around 95/70. Respirations were 24 and pulse was 80. She appeared sig 
nificantly younger than her stated age. There was massive edema of the lower extremities 
including the thighs. The neck veins were dilated and pulsating. A well healed surgical 
scar was present in the precordial region. The third to the fifth left costal cartilages were 
surgically absent adjacent to the sternum. Cardiac sounds were distant. The pulmonary 
second sound was slightly louder than the aortic. There was an occasional premature beat. 
\ short, soft systolic murmur was audible parasternally on the left side, and a low-pitched 
rumbling diastolic murmur was heard extending almost throughout diastole. This was 
audible immediately adjacent to the sternum and half way out to the normally positioned 
apical impulse. The first sound at the apex was slapping but not loud. The lungs were clear 
except for an occasional rale at the base, and the liver was felt one finger-breadth below 
the costal margin. 

Polycythemia was present with an hematocrit ranging from 57 to 63. Urine showed a 
maximum concentration of 1,020. Albumin in the urine varied from none to 1 plus and 
there were one to four white blood cells in each high power field of the sediment. There 
Was no significant disturbance of the serum electrolyte pattern. Her cholesterol was 344 
milligrams per cent. The albumin-globulin ratio was 3.6/2.0 grams per cent. Fluoroscopy 
showed a heart which was of normal size with moderately active pulsations and no sugges 
tion of constrictive pericarditis. Venous pressure varied between 170 and 195 millimeters of 


saline. Circulation time was measured between 30 and 33 seconds. 


The patient was digitalized with very little improvement. On one occasion 
in the week following admission she became markedly dyspneic and cyanotic 
but responded to oxygen. Venesection was employed on two occasions and 
diuresis was induced with ammonium chloride and thiomerin. In one 24 hour 
period she passed five and one half liters of urine. Following this large diuresis 
the diastolic murmur became much fainter and the presystolic component was 
barely audible. 

The clinical picture was not clear inasmuch as she presented signs and 
symptoms of constrictive pericarditis, but the murmur was such as is heard in 
mitral stenosis except that it was loudest near the sternum. The cause of 
cardiac inflow stasis could not be determined definitely. 

On June 12th cardiac catheterization was performed, and data shown in 
Figure 1 were obtained. Cardiac index was less than half of normal for a resting 
individual. Right ventricular, pulmonary arterial and pulmonary capillary 
pressures were all normal, although pulmonary arterial pressure was low. The 
highest pressures in the right side of the heart were recorded in the auricle. 
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The contour of the pressure tracings gave no suggestion of constrictive peri 
carditis or right or left ventricular failure. The auricular pressure showed its 
lowest dip just prior to ventricular contraction which argued against tricuspid 
stenosis and suggested some valve mechanism which was temporarily relieved 
between auricular and ventricular contraction. Tricuspid insufficiency did not 
appear to be in keeping with the clinical picture or data obtained by cathe 
terization. An obstructing tumor of the right atrium appeared to be the best 
diagnosis. 

Two days later angiocardiography was performed through a number 8 
Cournand catheter inserted into the superior vena cava through a vein of the 


MYXOMA OF RT. AURICLE 


PRESSURES 
| Sec. 
pe mm. Hg. mean 
A —— 18 mm. Hg. Pulm. “capillary” 5 
R.A. —— 9mm. Hg. Pulm. artery 14/5 9 
— 3mm. Hg : 
R. ventricle 18/0/4 9 
<a COE 1G R. auricle 18/3/9112 
RN. Py) —_—_ | mm. Hg 20/8/12 14 
— 3mm. Hg 


E.K.G. a oa Coe CARDIAC OUTPUT 1.34L/M*/MIN. 


Fic. 1. Data obtained by cardiac catheterization. Auricular pressure is elevated and 
the contour suggests a valve mechanism which is released between atrial and ventricular 


contraction. Cardiac output is significantly reduced. 


right arm. Figures 2a, and 2b taken 3 seconds apart show a dilated superior 
vena cava and a large filling defect which measured 6 by 5 centimeters occupy 
ing the right atrium. This could be seen in all exposures. Contrast substance 
remained in the right atrium for at least 12 seconds. A lateral view showed 
the mass occupying the greater part of the upper portion of the right atrium 
(Fig. 2c). The diagnosis of a myxoma of the right auricle appeared certain. 
It was felt that an increased blood volume and elevated venous pressure 
were required to maintain circulation past the obstructing tumor, and vigorous 
efforts at dehydration were not made. On June 25, 1952, a right anterior thora- 
cotomy was performed through the fourth interspace. There were a few 
pleural adhesions but no freed fluid. The superior and inferior venae cavae 
were freed and Penrose tubing placed around them for traction and occlusion 
if necessary. The pericardium was then opened; it was adherent to the heart 
throughout its extent and dissection was difficult. A purse-string suture was 


placed around the base of the right auricular appendage, and a finger was 
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MYXOMA OF RIGHT ATRIUM 
inserted into the atrium after the tip of the auricular appendage was amputated. 
\ tumor could be felt of about the estimated size. It arose from the region of 
the fossa ovalis by a pedicle which felt 15 to 20 millimeters in diameter. The 
tumor was quite mobile on this pedicle. It had been hoped that with a finger 





Fic. 2a 


Fic. 2. Antero-posterior and lateral angiocardiogram following injection of diodrast 
through a catheter. The superior vena cava is dilated. There is a filling defect in the lower 
portion of the atrium. Figures a and } were obtained at a 3 second interval and demon 
strate slowing of the circulation. 


in the atrium the tumor could be pushed against the lateral wall and through 
an opening which would be occluded by the tumor as it was delivered. How- 
ever, the tumor and auricular septum were not sufficiently mobile, and the 
opening in the atrium bled markedly. The finger was kept in the atrium through 
the auricular appendage while both cavae were occluded, an opening made in 
the right atrium, and the tumor quickly removed by pinching it off its pedicle 
much as one pinches off a large flower (igs. 3 & 4). An irregular piece of 
tumor approximately 12 by 30 millimeters remained attached to the septum 
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and this was left. The wall of the atrium and the auricular appendage were 
grasped and the atrium closed. The cavae were opened after one minute of 
total occlusion. Heart action was weak following this but came back gradually 


Preparations had been made to give intra-arterial transfusion through a 





polyethylene catheter inserted into the femoral artery through a needle 
Inadvertently this was not given until the occlusion was removed from the 
cavae. After the initial poor cardiac action, function improved and systoli 
blood pressure was maintained around 80 to 90 millimeters of mercury. There 
never was asystole or other significant arrhythmia. 


The specimen was covered by a membrane except in the area of attachment 
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re to the atrium. A small focus of calcification was present on the capsular surface. 
of Histological examination revealed typical myxoma of the heart. The tumor 
y. consisted primarily of myxomatous material in which there were spindle and 
a 








} 

Fic. 2c 
le. stellate cells embedded. Macrophages were scattered throughout the tumor 
he and many of these contained hemosiderin. 
ic Following operation she remained dyspneic, and oxygen was required con- 
re stantly. Venous pressure was 220 millimeters of saline the day following 





operation. Thoracentesis was performed on two occasions in the early post- 


operative period. She responded well and was alert for several days after 
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operation. Improvement was slow but definite for the first week. Following 
this she became less responsive and tube feeding was begun. On her twelfth 
postoperative day gastric dilation was discovered. Suction was applied to 


Tumor 
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Fic. 3. Operative exposure was through the fourth interspace anteriorly. An exploratory 
finger was inserted through the auricular appendage and the tumor delivered against the 
lateral wall. The tumor was not sufficiently mobile to allow occlusion of the opening and 


the venae cavae were occluded for one minute. 


the stomach and intravenous feedings were begun and continued as the main 
source of food and water until her death. Non-protein nitrogen rose slowly 
to 142 milligrams per cent on July 11th. Two days later she began to run a 
fever, and urinary output which had varied from 400 to 700 cubic centimeters a 


day fell to 160 cubic centimeters. Hypokalemia was treated with potassium 
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Fic. 4. Shows the method of removal of the tumor by pinching the pedicle. 


chloride, and on July 15th the serum potassium was 5.8 milligrams per cent. 
Electrocardiogram showed changes suggesting excessive serum potassium. 
On July 16th she was again responsive, but this was of only short duration. 
She became progressively worse and died on July 18th, 24 days after operation. 
Jaundice was noted during the last several days. 

Autopsy was performed by Dr. Donald Mark. There was mild icterus and 
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moderate pitting edema of the legs. The abdomen contained 500 cubic centi- 
meters of serosanguineous fluid. There was an hematoma occupying the right 
iliac fossa and extending from the pelvic brim to the lower pole of the right 
kidney. This represented the transfusion given during operation through a 





Fic. 5. Autopsy specimen showing residual tumor arising from the rim of the fossa ovalis 
and partially obstructing the inferior vena cava and tricuspid valve. The tricuspid valve is 
adherent to the interventricular septum. 


small catheter inserted into the femoral artery. Apparently the catheter had 
perforated the iliac artery and blood was given into the retroperitoneal area. 
The lung parenchyma was firm and red throughout; this was most marked in 
the lower lobes. The right lower lobe contained confluent lobular pneumonia. 
There was an aneurysmal dilatation containing thrombus in a small branch 
of the right renal artery. No infarct was apparent. 











ht 
ht 


iad 
ea. 

in 
ia. 
ich 





MYXOMA OF RIGHT ATRIUM 159 


The heart weighed 450 grams. There were fibrous adhesions between the 
heart and pericardium. When the heart was removed, tumor mass was seen 
partially obstructing and projecting into the inferior vena cava. A 5 by 3 by | 
centimeter mass of tissue resembling that removed surgically was attached by 
a broad base to the right atrial wall between the sealed fossa ovalis and inferior 
vena cava (Fig. 5). Part of the base represented attachment by clotting, but 
the pedicle of the tumor was two centimeters in transverse diameter. The 
freer uppermost margins of the tumor projected into the tricuspid valve, the 
leaflets of which were thickened, yellow and firm. There was friable brown 
material on the medial leaflet where tumor mass touched it. The right ventricle 
was thickened and dilated, and the tricuspid valve was plastered to the endo 
cardial surface along the septum. 


SUMMARY 

A 54 year old woman was studied because of dyspnea and evidence of cardiac 
inflow stasis of six and one half years’ duration. She had become refractory 
to usual remedies for cardiac failure. A short, soft systolic and low pitched 
rumbling diastolic murmur were heard adjacent to the sternum on the left. 
Diagnosis of intracavitary tumor of the right atrium was made after cardiac 
catheterization, and this was confirmed by angiocardiography. A myxoma 
of the right atrium was removed surgically, and the patient improved initially 
but regressed and died 24 days after operation. Autopsy showed partial ob- 
struction of the inferior vena cava by residual tumor. In retrospect it seems 
probable that residual tumor, the large hematoma at the site of attempted 
arterial transfusion, postoperative gastric dilatation, and electrolyte disturb- 
ances all contributed to her death. 


DISCUSSION 

Intracavitary tumors of the heart have been of considerable interest since 
Zollicoperus wrote De Polypo Cordis in 1685. Mahaim in his monograph entitled 
Les tumeurs et les polypes du coeur in 1945 reported approximately 250 polypoid 
tumors of the atria. The vast majority of these were either a myxoma or 
thrombus although many histological types occur. In the latest extensive 
review of tumors of the heart Prichard in 1951 was able to find 126 definite 
reports of myxomata but was unable to obtain all known articles and estimated 
that approximately 150 cases had been reported in the world literature up to 
that time. As more reports appear the lesion ceases to be a curiosity and sub- 
sequent authors are less apt to report individual cases. In some of the reported 
cases it is difficult to establish a diagnosis since the distinction between a 
myxoma and an intracavitary thrombus has not always been clear. 

Myxoma of the auricle has been reported in patients varying in age from 
3 months to 68 years, most of them occurring in the fourth to seventh decade. 
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Seventy-five per cent of the reported tumors have been in the left atrium. An 
occasional tumor has been reported in the ventricle or on the cardiac valves, 
but except for these almost all arise from the auricular septum in the region 
of the fossa ovalis. They are usually smooth polypoid tumors but not in 
frequently are sessile and occasionally villous. In gross consistency they are 
gelatincus, soft but firm, and rubbery. Histologically the myxomatous tissue 
is poorly cellular, loose tissue with varying vascularity. Hemorrhage and 
hemosiderin deposits are common. Intercellular substance is pale and takes 
special stains for mucin. Elastic tissue and in some instances even bone and 
bone marrow have been described. 

The predilection of the region of the fossa ovalis as the site of origin for 
myxomas has prompted considerable discussion. Ribbert stated (6) that myxoid 
tissue remains around the fossa ovalis, which area is the last region to differ 
entiate from the myxoid mesenchyme. Prichard examined 55 interatrial septa 
and found no myxoid tissue. There was clearly more connective tissue in this 
region than anywhere else in the heart; this was particularly striking on the 
left side of the septum. He found lacunae of capillary size which were lined 
by plump endothelial cells and suggested that these small lesions might be 
related to myxoma. 

Differentiation from a polypoid thrombus in the atrium is not always easy. 
However, myxomata form a uniform group of tumors which occur in a definite 
location in the atria and have a characteristic gross and histologic appearance. 
Mechanical trauma associated with the intracavitary position possibly is 
responsible for the myxoid appearance. Aside from superficial similarities to 
thrombi there is little to indicate that these tumors are thrombi and most 
observers are agreed that they are neoplasms. Polypoid thrombi may, how 
ever, present the same clinical picture and constitute no less of a menace of 
valvular occlusion or cavitary obliteration. 

\lthough some intracavitary tumors are not associated with symptoms, 
most of the reported cases present some or many features of a characteristic 
syndrome. Signs of obstruction or regurgitation of the atrio-ventricular valve 
are usually seen and are strikingly variable with either time or position 
of the patient. Syncope and a reactive tachycardia have been noted with 
change in position of the patient and intermittent occlusion of the mitral 
valve. Dyspnea may be intermittent and paroxysmal but often becomes 
progressive and severe due to obliteration of the atrium. Response to cus 
tomary therapy is poor or insignificant. A syndrome resembling subacute 
endocarditis is not uncommon with a low grade fever, changing murmurs, and 
embolic phenomena; however, blood culture is sterile. Peripheral embolic 


phenomena with occlusion of major vessels is not infrequent. A possible means 


of certain diagnosis of myxoma of the heart, suggested by Mahaim, is the 
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removal of a myxomatous embolus in a peripheral artery; such a diagnosis 
during life has not yet been reported. 

In spite of the well recognized clinical picture, a proven diagnosis of intra- 
cavitary myxoma has been made during life on only three occasions. Kirkeby 
and Leren reported the case of a 50 year old man in whom the diagnosis of 
myxoma of the left atrium was based upon signs of mitral stenosis which 
altered with position of the patient. This was confirmed at autopsy after 
sudden onset of intractable cardiac failure. Goldberg, Glenn, Dotter and 
Steinberg reported a three year old child with a myxoma of the left atrium 
who had changing auscultatory signs of obstruction of the mitral valve which 
were not present at birth. Peripheral embolic phenomena had been present. 
Angiocardiography established the diagnosis in this patient. Death from 
cardiac arrest occurred during an attempt to remove the tumor surgically. 
Ripstein attempted to remove a myxoma through the open right atrium with 
the patient under hypothermia. Ventricular fibrillation occurred; the tumor 
extended through the septum into the left atrium. The diagnosis had been 
made by angiocardiography. Facquet and associates reported an asymptomatic 
patient with a large heart. Angiocardiography showed a rounded filling defect 
encroaching upon the left and posterior wall of the right atrium and ven- 
tricular inflow tract. The diagnosis has not been confirmed by operation or 
autopsy. Myxomata have been encountered during operations for suspected 
mitral stenosis or constrictive pericarditis (8); these have not been success- 
fully removed. 

In planning the removal of the myxoma in this patient numerous possibilities 
were considered. Initially the suggestion made by Beck in 1942 was explored. 
Suction was applied to several of the fixed specimens in the Department of 
Pathology. Admittedly the consistency was quite different from that of a fresh 
specimen but the texture of the fixed tumor did not support Beck’s suggestion 
that suction might be used as in the removal of some brain tumors. This fact 
was confirmed by an attempt to aspirate the fresh specimen after removal from 
the patient reported. 

Several ideas were investigated in the dog by passing a small balloon attached 
to a ureteral catheter through the jugular vein into the right atrium. Such a 
balloon could be filled with heated wax which became solid at body temper 
ature. Difficulty was encountered in grasping this “tumor” in the atrium as no 
instrument was available which could be inserted through a small hole and 
dilated to grasp the balloon. A straight suction tip with suction applied held 
the “tumor” satisfactorily except when the balloon was ruptured by it. It was 
feared that in the patient a small fragment might break off and plug the suc 
tion. No difficulty was encountered in cutting the catheter pedicle of our ex 


perimental tumor. Numerous types of knives are available for use during 
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operations on the mitral valve. The small size, flexibility, and ease of retraction 
for palpation or advancement for cutting made the knives used by Brock well 
suited for our purpose. With a finger in the atrium through the auricular 
appendage the pedicle could be palpated and accurately cut. 

The principle which we planned to employ was feasible in the dog but not in 
this patient. It was hoped that the tumor could be delivered against the lateral 
wall of the atrium by a finger inserted through the auricular appendage. By 
holding the tumor firmly against the auricular wall as an opening was made the 
the tumor would occlude the opening and prevent loss of blood. However, the 
interatrial septum was entirely too rigid to allow this maneuver in our patient. 

Finally the method that was employed was considered from the first as a 
method of last resort. Stoppage of the circulation by occlusion of the venae 
cavae for one minute was associated with considerable cardiac embarrassment, 
but even in this older patient the heart resumed its normal activity promptly. 

Residual tumor in the patient reported was probably significant in her poor 
response after operation. However, one need not necessarily perform radical 
removal of the tumor since it is a slow growing lesion. With a knife on the end 
of the index finger one should be able to remove even part of the interatrial 
septum if desired and necessary to remove the mechanical obstruction. 


SUMMARY 


Myxoma of the heart occurs frequently enough to be considered in the dif- 
ferential diagnosis of atrioventricular obstruction. Approximately 150 such 
tumors have been reported. The clinical picture in many of these is distinctive 
enough to suggest the diagnosis during life but a diagnosis has been made only 
three times previously. In no case has surgical removal been successful al- 
though many features make the tumor amenable to surgery. 

A patient has been reported with a history of intractable cardiac inflow 
stasis and limited cardiac output. Diagnosis was made by cardiac catheteriza- 
tion and confirmed by angiocardiography. Removal was performed surgically. 
The patient died 24 days after operation, probably largely because of atrial 
obstruction from a fragment of residual tumor, although a pelvic hematoma 
from an intended arterial transfusion, postoperative gastric dilatation, and 
electrolyte disturbances added significantly to her difficulties. 

Experiments were described in which atrial tumors were removed in the dog. 
In the light of this, considerations were given and suggestions made in regards 
to removal of tumors in future patients. 
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The effectiveness of natural or synthetic thyroxine in completely alleviating 
myxedema has been clearly established (1, 2), and is qualitatively identical 
with the long recognized effectiveness of desiccated thyroid in this disorder 
(3, 4). Thyroxine has been demonstrated in the plasma of normal and hyper- 
thyroid subjects (5), and occurs in intimate association with the plasma pro- 
teins (6, 7, 8, 9, 10). These observations led to the postulation that thyroxine 
is the thyroid hormone. Studies showing that thyroxine has far greater meta 
bolic activity than any of its analogues yet studied (11, 12) favor this concept. 

However, since early investigations on the physiologic activity of crystalline 
thyroxine and various thyroxine-containing preparations (e.g., thyroglobulin, 
desiccated thyroid, iodinated casein, efc.), several enigmas have evolved which 
remain inexplicable in the light of past concepts of thyroid function. Outstand- 
ing among these are (a) the apparent discrepancy between the activity of 
thyroid preparations and thyroxine, the former possessing greater calorigenic 
activity than can be accounted for by their /-thyroxine content (13, 14); (0) 
the inability to correlate the metabolic activity of desiccated thyroid with 
either its total iodine (15) or thyroxine iodine (16) content; (c) the delay in 
the onset of metabolic acceleration following the administration of various 
thyroid preparations (17, 18); (d) the nature of the gradual response to thy- 
roid (19) as well as the prolonged duration of its effects (20, 21), despite the 
fact that 50 to 95 per cent of the radioiodine of an administered dose of thy- 
roxine labelled with I'*! is excreted in 24 hours and almost completely excreted 
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by gifts from Mr. Frank W. Rech and the Uhrig Fund. 
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in four days (22, 23); and (e) the poor correlation which has been observed to 
exist between the metabolic status and the level of the protein-bound iodine 
in the serum of athyreotic patients receiving /-thyroxine orally, levels of pro- 
tein-bound iodine consistent with thyrotoxicosis having been observed in pa- 
tients who are otherwise metabolically euthyroid (24). 

Recent application of the techniques of partition chromatography and 
radioautography (25, 26) has led to the discovery of several hitherto unknown 
iodine-containing compounds in plasma and thyroid glands. One of these sub- 
stances, previously referred to as “unknown 1” (27, 28) and now known to be 
3,5,3’-l-triiodothyronine, has been found to be of particular interest. It mi- 
grates similarly to thyroxine on paper chromatograms and is apparently neither 
a product of thyroxine decomposition secondary to the procedures of isolation 
nor an artifact of the methods employed. It has been isolated from the un- 
hydrolyzed thyroid glands of animals (28, 29, 30, 31, 36), from the plasma of 
animals and man (5, 27, 28, 29, 32, 33, 36) and has been found as a contaminant 
in the preparation of radioactive thyroxine by the iodination of diiodothyronine 
(27). Hird and Trikojus (34) isolated an unknown compound from hydrolysates 
of iodinated casein and were the first to postulate that this compound might 
have the structure of triiodothyronine. However, this compound was not chem- 
ically identified and characterized until the almost simultaneous reports of 
Roche, Lissitsky and Michel (35) and Gross and Pitt-Rivers (33, 36): the 
former investigators isolated triiodothyronine as an intermediate product in 
the in vitro iodination of diiodothyronine to thyroxine and the latter showed 
that /-triiodothyronine prepared synthetically was identical with the “un- 
known 1” previously described. Thus, /-triiodothyronine has been established 
to exist as an integral constituent in thyroid metabolism and may well pro- 
vide new evidence toward the resolution of some of the perplexing inconsisten- 
cies heretofore unexplained. 

Biological assay of /-triiodothyronine has shown it to be a remarkably potent 
analogue of thyroxine. It has been estimated to have three to five times the 
potency of /-thyroxine in preventing the formation of thiouracil-induced goiter 
in rats (37, 38, 39) and to exhibit greater effectiveness than thyroxine on oxy- 
gen consumption of mice (40) and rats (39, 41). It has also been shown to be 
effective in the therapy of human myxedema (42). These findings, coupled 
with the identification of /-triiodothyronine in the tissues and plasma of thy- 
roidectomized animals given radioactive thyroxine (27), have led Gross and 
Pitt-Rivers (37) to postulate that /-thyroxine is enzymatically deiodinated in 
the peripheral tissues to /-triiodothyronine, the latter representing the bio- 
logically active constituent of the thyroid hormone. 

That such a high energy transformation may exist in vivo is supported by the 
finding that sheep thyroid slices are capable of deiodinating diiodotyrosine to 
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monoiodotyrosine (43, 44, 45) and the discovery of /-triiodothyronine in the 
plasma of thyroidectomized animals given radioactive thyroxine (27). The in 
vitro formation of /-triiodothyronine by the deiodination of /-thyroxine has 
thus far proved unsuccessful (44, 46). Triiodothyronine has apparently been 
isolated from hydrolysates of iodinated casein (34, 47), but it is not known 
whether this represents a deiodination of thyroxine or a direct synthesis of 
triiodothyronine. Further resolution of the process by which triiodothyronine 
is synthesized in vitro may assist in the understanding of its in vivo formation, 


I I 
enzymatic 
HO O CH:CHCOOH a ae ame 
deiodination 
I I a 
NH; 
3,5,3’ ,5’-tetraiodothyronine 





(thyroxine) 
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3,5, 3'-triiodothyronine 


The present study has been undertaken to compare the metabolic activity 
of /-triiodothyronine with /-thyroxine in myxedematous patients and to de- 
termine if similarities or differences exist in their physiological properties. 


METHODS 


The studies described in this report were carried out on the Metabolic Ward. Three 
patients with classic myxedema were selected for the balance studies, the diagnosis in each 
case being substantiated by accepted laboratory diagnostic tests for hypothyroidism. 

The patients were permitted limited activity. Each patient received a constant diet as 
described by Howard and his co-workers (48); this diet was calculated to maintain approx- 
imate nitrogen equilibrium in normal subjects of average body build at bed rest. Each dietary 
period proceeded for six days, an aliquot of each diet period being processed for analysis. 
Water was permitted ad libitum in two patients; in the third patient fluid intake was main- 
tained at approximately two liters per day. Collections of urine were accomplished in 24 
hour periods ending at 9 a.m. daily. Each urine bottle contained 1.0 ml. of 10 per cent al- 
coholic thymol and 10 ml. of 25 per cent acetic acid as preservative and acidifying agents. 
Stool collections were marked with carmine dye ingested at the onset of each dietary period. 
Diets and stools were processed in a manner previously described (48). 

Oxygen consumption determinations were performed with a commercial respiratory 
calorimeter (Middlewest Instrument Co., Chicago, Illinois). It was found that the same 
operator taking successive readings on the same patient could achieve a reproducibility 
within plus or minus five percentage points on the basal metabolic rate scale. Duplicate 
determinations were taken at 8 a.m. daily and were averaged. 
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All morning blood samples were drawn with the patient in the fasting state. The follow- 
ing determinations were made: 

Blood: hematocrit (49), serum chloride (50), serum carbon dioxide combining power (51), 
serum inorganic phosphorous (52), serum sodium and potassium (53, 54), serum calcium 
(55), plasma non-protein nitrogen (56), serum protein (57), serum alkaline phosphatase (58), 
serum uric acid (59, p. 21), serum protein-bound iodine.® 

Urine: total nitrogen (57), creatine and creatinine (60), sodium and potassium (61, 62, 63), 
calcium (64), phosphorous (52). 

Diet and Stools: total nitrogen (57), calcium (64), phosphorous (52), sodium and potassium 
(61, 62, 63). 

The solutions for injection were prepared by dissolving suitable amounts of sodium I- 
thyroxine pentahydrate® or /-triiodothyronine’ in N/100 sodium hydroxide and distilled 
water and adjusting the pH to 8 to 9. Sterilization was accomplished by autoclaving at a pres- 
sure of 10 pounds per square inch for 20 minutes. Each solution was prepared freshly as 
needed. All injections were administered by the subcutaneous route. 

Electrocardiograms consisting of the records of the standard limb leads and precordial 
leads V 1, 3 and 5 were taken every third day. 

There is evidence that the metabolic effect of thyroxine is dependent upon the pre-existing 
level of hypothyroidism; i.e., the lower the metabolic rate of a patient, the greater the 
response to a given dose of thyroxine (18). In order to make satisfactory comparisons of the 
calorigenic activity of /-triiodothyronine and /-thyroxine, the basal metabolic rate, whenever 
possible, was permitted to return to approximately its former level following the administra- 
tion of each compound. In addition, to allow for any residual effect of either drug, the order 
of administration of the compounds was alternated: /-triiodothyronine was given prior to 
l-thyroxine in one patient and this sequence was reversed in two other patients. 


RESULTS 
Clinical observations 


The administration of /-triiodothyronine to patients with myxedema prod- 
uced rapid and dramatic changes in their clinical status. Within four to six 
hours following the subcutaneous injection of /-triiodothyronine the skin be- 
came detectably warmer, the pulse rate and temperature increased (Fig. 1), 
and the patients themselves noted a sense of warmth. Indeed, one patient 
(E. M.) at 24 hours following injection remarked that she was “burning up 
inside.” Patients receiving 1.0 mg. /-triiodothyronine showed the greater 
clinical response, experiencing chilly sensations along with the rise in tempera- 
ture and noting slight generalized headache and mild nausea for about three 
days. Moreover, there was an increase in urinary output, a decrease in body 
weight, slight increase in sweating, and a decrease in periorbital, facial and 
leg edema. An increase in mental alertness and generalized physical activity 

* Serum protein-bound iodine determinations were performed by the Bio-Science Labora- 
tories, Berkeley, California. 

*The sodium-l-thyroxine pentahydrate was kindly supplied by Dr. A. E. Heming of 
Smith, Kline and French Laboratories. 


’ The 3,5,3’-l-triiodothyronine was obtained through the courtesy of Smith, Kline and 
French Laboratories from Glaxo Laboratories, Ltd., where it was synthesized. 
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was present within 24 hours after injection. No appreciable effects were noted 
in the blood pressure, although in one patient (H. S.) with known mild hy- 
pertension, there was a transient rise in blood pressure concomitant with the 
aforementioned clinical changes. 
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Fic. 1. Effects of /-triiodothyronine or /-thyroxine on the pulse rate and rectal temper- 
ature of patient E. M. Recordings were made at four hourly intervals and each division of 
the abscissa represents one day. 





In distinct contrast, equimolar doses of /-thyroxine produced no comparable 
changes in the clinical status of the myxedematous patients. Slight diuresis 
and decrease in body weight, however, were observed. 


Oxygen consumption 


The alterations in oxygen consumption induced by /-triiodothyronine were 
striking. The administration of 1.0 mg. of this compound increased the basal 
metabolic rate of patient E. M. from minus 41 per cent to plus 4 per cent® 
within 24 hours and to plus 21 per cent in three days (Fig. 2). The maximum 
response in oxygen consumption following /-triiodothyronine in this patient 
was approximately ten times the maximum effects of an equimolar dose of 
l-thyroxine. In patient H. S. the basal metabolic rate following the exhibition 


* All values for basal metabolic rate are expressed as per cent of the normal standard. 





ee 














ly- 
he 





per- 
mn. of 


able 
esis 


were 
asal 
ent® 
num 
rent 
e of 
ition 


rd. 

















3,5,3’-L-TRIIODOTHYRONINE AND L-THYROXINE IN MYXEDEMA 169 


of 1.0 mg. /-triiodothyronine increased from minus 19 per cent to plus 10 per 
cent in 24 hours and to plus 19 per cent in three days; this represents a five- 
fold increase over the change produced by an equimolar dose of /-thyroxine 
(Fig. 3). 

Similarly, 0.5 mg. /-triiodothyronine was effective in accelerating oxygen 
consumption. This dose in patient H. V. elevated the basal metabolic rate from 
minus 33 per cent to minus 19 per cent in two days, whereas an equimolar 
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Fic. 2. Effect on oxygen consumption (BMR) following a single subcutaneous injection 
of either /-triiodothyronine or /-thyroxine in patient E. M. The dotted line denotes the 
interval between the first and second hospital admissions. 


amount of /-thyroxine produced no detectable alteration in oxygen consump- 
tion (Fig. 4). However, the minimal but significant creatinuria following this 
small dose of /-thyroxine indicates metabolic response despite the failure to 
detect alterations in oxygen consumption (Fig. 5). 

In patient H. V., who received 0.5 mg. /-triiodothyronine, the subsequent 
administration of 1.0 mg. of this compound produced almost double the ini- 
tial response in basal metabolic rate (Fig. 4). It was also observed that in pa- 
tient E. M., a dose of 4.8 mg. /-thyroxine produced approximately four times 
the effect of 1.2 mg. of the same compound (Fig. 2). These results suggest that 
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in this dosage range a linear response in oxygen consumption to dosage of 
either /-thyroxine or /-triiodothyronine may exist. Yet, as shown in Figure 2, 
the increase in metabolic rate produced by 4.8 mg. /-thyroxine was of lesser 
magnitude than that of 1.0 mg. /-triiodothyronine in the same patient, al- 
though marked differences in the rapidity and duration of the effects are ap- 
parent. 

Thus, the maximum increase in oxygen consumption following /-triiodo- 
thyronine (Table I) appears to be five to ten times that following an equi- 
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Fic. 3. Effect on oxygen consumption (BMR) following a single subcutaneous injection 
of either /-thyroxine or /-triiodothyronine in patient H. S. 


molar dose of /-thyroxine. There is insufficient data in this study to permit any 
conclusions as to the éolal calorigenic effect produced over a prolonged period 
of time by single injections of either compound. 


Protein-bound iodine 


The measurement of the serum protein-bound iodine is presumably a reflec- 
tion of the quantity of circulating thyroid hormone; values obtained in euthy- 
roid patients range between 4 and 8 micrograms per 100 ml. of serum. It was 
of especial interest in this study to follow the levels of the serum protein- 
bound iodine since /-triiodothyronine has, as shown previously, greater initial 
metabolic activity than /-thyroxine. 
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Determinations of serum protein-bound iodine were made prior to the ad- 
ministration of /-thyroxine or /-triiodothyronine, and in most instances at 4, 
8 and 24 hours following the exhibition of the drugs and periodically there- 
after as permitted by the study. The results are shown in Table II. Prior to 
the administration of these compounds, the levels of protein-bound iodine in 
the serum were in the range consistent with hypothyroidism. A correlation of 
the values of serum protein-bound iodine with the metabolic status of the pa- 
tients reveals three points of interest: (a) following /-triiodothyronine, the 
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Fic. 4, Effect on oxygen consumption (BMR) following a single subcutaneous injection 
of either /-thyroxine or /-triiodothyronine in patient H. V. 


level of serum protein-bound iodine at three days was far less than might be 
expected from the rise in oxygen consumption, which usually reached its peak 
within this period; (6) following comparable doses of /-thyroxine, the increase 
in serum protein-bound iodine was proportionately greater than that with 
l-triiodothyronine, yet the patients remained hypothyroid; and (c) following 
the administration of 4.8 mg. /-thyroxine the level of protein-bound iodine 
reached values well into the hyperthyroid range, notwithstanding the fact that 
the patient was progressing from a hypothyroid toward an euthyroid status. 

No specific conclusions can be deduced from the data on protein-bound iodine 
presented in this study because of the limited number of observations made, 
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Fic. 5. Effect on urinary volume and creatine and creatinine excretion following a single 
subcutaneous injection of either /-thyroxine or /-triiodothyronine in patient H. V. The or- 
dinate represents urine volume measured in cubic centimeters per 24 hours and creatine and 
creatinine excretion measured in milligrams per 24 hours. 


TABLE I 
The Metabolic Activity of l-Thyroxine and |-Triiodothyronine in M yxedema 











MEDICATION | MAXIMUM | RELA- 

PATIENT 7, fe CONTROL ATTER SIX-| INCREASE | , 71 yy. 

| -Thyroxine 1-Triiodo- GLE DOSE | ITY 
Sadi iceaaacaahsliteiehisittideiliasaicisanenaetaneri oaieteamnem, Ne Be beeen Se aes 
H. S. #* 223330, Postoperative Myx- 1.2 mg. | —26 —18 +8 1 
edema | 1.0 mg. —19 | +19 +38 5 
E. M. #310945, Postoperative | 1.0 mg. —41 +21 +62 10 
Myxedema 1.2 mg. | —30 —24 +6 | 1 
4.8 mg. —-26 | —4 | +22 4 
H. V. #621622, Spontaneous Myx- | 0.6 mg. —32 —32 0 1 
edema 0.5 mg. —33 —19 | +14 14 


1.0 mg. —31 | -9 +22 11 


the possible differences in absorption of these compounds following subcu- 
taneous administration and the difficulties inherent in the microanalytical 
determination of iodine. Moreover, it should be pointed out that theoretically 
the change in protein-bound iodine induced by triiodothyronine represents 
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7 only 75 per cent of that of an equivalent amount of thyroxine since the former 
contains three atoms and the latter four atoms of iodine per molecule. 
TABLE II 
Serum Protein-Bound Iodine 
‘ (micrograms per 100 ml.) 
DOsE HOURS DAYS 
PATIENT mg. 5.c. — coe 7 
o| «| s | 3 | 6 | 9 | 2 | 1s 
3,5,3’4-Triiodothyronin 
H. V. 0.5 | 2.0 | 5.9 | 1.5 | 1.0] 1.7] 
H. V. , | 1.7 | 3.7] 2.1] 1.8] 2.3 | 2.0 2.5 | 1.6 
‘ E. M. 1.0 1.9] 3.2] 2.9] 2.8/1.5] 1.0 1.1 
H. S. 1.0 | 3.6 | | 6.6 | 4.2 | 3.1 | 
l-Thyroxine 
H. V. 0.6 19|) 5.3| 4.5| 4.3) 3.4] 1.8] 2.0 
E. M. 1.2 1.7| 2.6| 2.5] 5.0 3.6 
X H. S. 1.2 1.1] 2.6] 2.9] 5.6/5.1] 3.6 
E. M. 4.8 3.6 | 10.9 14.5 | 17.9 12.9 | 10.1 
- Bi olin 
TABLE III 
igle Serum Cholesterol 
_ (mg. per 100 ml.) 
and _— a — Pillai nn - a 
DAYS 
PATIENT en. ee ee ee 
Ott het es eer eS 
3,5,3’-4-Triiodothyronine 
—4 H.V 0.5 298 | 230 | 222 | 265 
- H. V. 1.0 265 | 210 | 203 | 203 
= E. M. 1.0 | 796 | 890 | S80 | 472 | 530 | SiS | 422 
1 H. S. 1.0 500 386 355 
5 - = _ — = — i a — 
l-Thyroxine 
7 H. V. 0.6 355-317 290 | 298 
‘ E. M. 1.2 548 | 530 | 500 
a H. S. 1.2 660 | SIS | 500 
, E. M. 4.8 500 | SiS | 460 
14 ee ee aan = D a aa 
7 Cholesterol 
Each patient manifested an elevated serum cholesterol value prior to therapy. 
— Following the administration of /-triiodothyronine and /-thyroxine the levels 
i . . 
< of serum cholesterol decreased, as shown in Table III. The changes in these 
y 





; values toward normal indicate the response known to follow thyroid medica- 
nts 














ZLIt eZ 
ZL Stl , ; ; £7 
ZL11 OFI at 22 
OPI | ELS | 9°92 | ZLU1 Sel ' 12 
O°#1 | O'9S | 9°92 ZLII OFT ‘t- ' ' 0z 
O'FI | O'6F | 9°92 ; ss | ZLUI ZST , ' ' 6I 

AI poued 


o> 
9) 


o'r | ose | 9°92 
OPI | 8'ES | 9°92 
OPI | 70S | 9°92 


] | 


MMM hw 
AAAD 
CoD DD 


O's! | €°19 | 9°€ | SOOT | Z°2zT | | SZOT Sos | 101 : Ont | 81 
o'er | 





| OI'T 
oO'eT | S19 ; ; 23! ‘ szol | SOS | 6IT O8F ‘O+ Ol'l ’ 9I 
O'eT | 6°98 | 9°18 | $ZOT COS | 9F O8F "Ie | OFT SI 
O'¢T 79 O'OL | 2 | SZOL | SOs | 68 O8F _— orl ; al 
Oe ; “Sh | 9°¢9 ‘ | | $ZOT | SOS | 7% O8? — orl , et 
ITI Pobed 


9°88 | 0° — | zop | gest | zert | | £89 098 | 8°2 olT ; ZI 
TES | O'HZE |ISOI— | ZO | IZLE | ETL 098 |Z ‘O|s iT 
$6 | OHI OSII— | ZF | OSST | ZEIT | 098 | 8° ‘#1 | O° or 
S'brL | O'FZI [OVE — | Z9b | OLOT | ZEIT | 098 | $°b— "et | 0° 6 
O'SZL | O'HZE |ISh — | ZOb | IZET | ZEIT | 098 | T° 8 
0°68 | O'FZI \%6 — | c9L | ZEtl 098 | 0° , L 
| IJ poved 


eoeoee 


_ 
CS 
=~ hf & hf 


ae 
CeO 


449 | got | ez@t+ ‘c- | F'0 
S8t | LIFT | £801 | 1£t+ ‘c— | oF'0 | O'ST | O'OT 
— | sgt | gett | zgor | #st+ ‘o+ | eto 06 | O'Or 


9'1E | 9° €'0 | ¢'t9 
€°79 €'0 | 9°¢8 
g°¢9 | 9° €°0 | OI 
76h | 9°79 | €'0 | S*IOT 
of | 9°79 €'°0 | 7°99 
Or | 9°79 | 0 | O'6IT 


Z 
io) 
Q 
Z 
io) 
pa 
< 
wd 
a 
(=) 
Zz 
< 
= 
ie) 
i] 
Z 
3) 
=) 
QQ 
n 
<3) 
a 
n 
- 


NNANAN AA 
Sl eel Se oe od 
ee at ae a Se 2 


lore Sst | zes | L801 | 221+ L6S | 6°@+ er'0 | 29 | O'OT I 
pousg 
| | | — 


|. 
iss¢ + | S8E | Lbs | L801 | €St+ L6S | T'€+ fro; S°9 | O'Or 
+ | 
org | ouTIQ [ArejaIq@| jools | auQ | Are}a1q | aourjeg | joors | sung | AIB}01q soureg | j00}S | sUNIQ | AIR}2ICG 


aoureg | joorg | oun | an 


| 
| 
| 


(Aep/*bqw) norssvioa (Aep/'3w1) snoaondsonad (Atp/*3ul) MaIsTVD (Aep/'w3) NZOOaLIN | 


x 
- (Ww aq) Cpmig aouvpog 22409070 py 
AI ATAVL 





aes wets emer 


175 


(a4 
I? 
OF 
6¢ 
se 
Le 
ITA Poled 











9¢ 
se 
ve 
¢¢ 
(4% 
Te 
IA poved 




















$66 | | , ; 62 

II | LOS | $66 | OF'O | ¢° 8Z 
Il | 969 | $66 | ' | OF ‘g lege 12 
ltl | 278 | $66 | ' | OF , ‘g | 92 
It | 9001 | 66 : loro | Str | 28 | 4 
A poueg 





< 
a 
w 
(a) 
i) 
s 
= 
gi 
ic 
g 
* 
5 
< 
e 
E 
fo) 
S 
>} 
ma 
wn 

















ot | ose | 9°92 | 09 | sor | sos |ser + | tee | oop | zeit | 1s + | ose | se | sos | s'e+ | ort lors | 9°0r v7 
OFT | SES | 9'9L OO | O'R | S68 [sor + | Tee | 989 | ZIT} 6 — | OSb| SHE | SOS | EI+ | OFT | ZS | 9°OI £7 
O'tI; 20s |9'92 OOD 0't9 $°68 |I87 + | I€¢€ | 09S | zlib — 6s? | OF! S6s | €°2+ OI't | 2°24 | 9°OT 7 


— ne vena a ~ ~ pts " - Ps rnin 



















































































£°st lo OF | Z eh | SIE | OF 9°19 ZOF — Ze | Szs SPL cez— Lv9 | c°St | cev | O°S— so | ez | wk vz 
£°st | OSh | 2°eh | SIE | $°99 9°19 iss— 7ZE | O86 SPL Lez— LO | 6'7T | fh | BZ ¢$°0 | $°6 c’L £Z 
€°st | 2°08 | Leh | SIL | O'6% | O'LO | ZL7— eze | $69 | Sh x 4 ae Lv9 | 98 | ch | OF— sO | 2:0 | aL | (AG 
St | 229 | Leh | St | 6S | OL | HZ— 7zé | LO | SHL | 2@7@— £9 |} 0'8 | eth | Of— $0 |26 | 0's | 17 
€°St |} O19 | Leh | SIE | 28h | 929 | OOT— 77 | £88 | ShL | 222%— LW) v8 | C86) 7I- gO |64 | 72 | 07 
est | €°6S | Leh | Sit | ese | 99 | LL zezé | OOS | SHL | 7e— La i OL | S| Li $°0 | ¥'8 | TL ‘a vitae 
: 
€4t |} $19) 87s |; 98 | Lle | WOE | OT 861 | 8S | $9L | LOb+ woe |} 69 | OTL | OS— vO | £6 | ie 8T 
€L4t | 19) 87 | 98 | €Ob | HOT . ao 861 | 8€9 | SOL | 90b+ woe | LL | OTL | OF vO |76 | LF LT 
z elt | b6S | 87S | 98 | OEE | FOL | SEI— 861 | SOL | SOL | b6E+ ZOE | $02 | OTL | EF— v0 |98 | LF 91 
© Lt} 924b | 87S | 98 | OOF | FOL | E8I— 861 | OSL | SOL | 6LE+ ZOE | L bE | OTL | TE vO | RE | fe ST 
g 41} O07 |} 87198 | OW | POL | SeI— 861 | OOL | SOL | L8E+ ZOE | 9°97 | OIL | Z°O+ ro ite | SY ai 
S ¢'l4t | 90h | 87S | 98 | SSt | POT 1eZ+ | 861 | 97E | SOL | TOb+ woe | 2:z7t | or} re- | ro | ee | Lt | 
: | III povied 
oN 
= Or; OSL) 7°SS| 89 | 76 | 791 16 — LL@ | SOS | BLL | 677+ LOS | 9°17 | 8SZ | S°O+ $°0 se s'? a 
a bor | POE) 7 SS) 89 | 69 zor | S€z+ LL@ | 797 | BLL | 9EZ7+ LOS | 8°HT | 882 | PI co | Ss iad TT 
= Or) £9) css |} 8°9 | TUT z'91 ; + LLZ | 966 | BLL | 7IZ+ LOS | £°6€ | 8SZ | LI- $0 “Ls ad oT 
° POT | 2:48 | 7SS | 8°9 | SH [oe in L147 | OFS | PLL | 607+ LOS | $°7b | BSL | TI+ $0 |67 | SP 6 
~ pO | £67 | 7°66) 89 | T'8 zor L@7Z+ LL@ | OLZ | PLL | 677+ LOS | £°7Z | 8SZ | 8'0— $°0 89 s? 8 
| Or | 2S |} 7ss 1} 3'9 | OU co it + LLZ | 6b | LL | 807+ LOS | O' fF | BSL | 6 0— Oo (6? if? =. 
a | | 1 pened 
, | | 
Hs c6Ol | PH | OTS | 66 | OOF est | €li- SOF | GIS | 189 | 6 HH+ | OBS | I'Eh | 899 | HI- 9°0 | o's | cv | 9 
pe 7'6t | 2'@h | 91S | 66 | £02 | ESE | SII— SOF | 19b | #89 | S'Ib+ | OBS | S°9F | 899} 8°0-— | 90 | HF | cv | $ 
< j6r | P7e | 9 IS | 66 | OOF €°8t | 69 + | BOE | LZ | FSO | O'HO+ | OBS | OFZ | 899 | O'Z— | 9°0 | 9S | ZF | v 
76 | S°6E | O'IS | 66 | O'Sh | ESE | 68 + | BOE | LEZ | FSO | 9'HS+ | OBS | BEE | 899) ZO- | 90 8¢ | 2P ¢£ 
Z'6t | BET | 91S | 66 | SOR | EST | OGI+ | BOE | OST | FSO | L°O9+ | OBS | E°LZ | 899 | BZ— | 9°0 Ih v9 | 7 F Z 
Z'6T | 8SE | 91S | 66 | ZB | EST | OLI+ SOE | 9EZ | HS9 | S*IS+ | OBS | $°9E | 899 = | 9°0 | c’v aes 
|__| — a ae he ae ee a = -— 
yoors | oun “mag 1007S aug | Arejaig | soueleg Joos | omrsp) an | amera aourjeg | jong | sup a | Sa aouryeg | [0015 ii oun Arner 
(Aep/‘byul) marssvioa (Aep/-bqu) maraos (Aep/'8ur) snowondsona (aep/ ul) MOIDTVD (aep/ =) NZOOULIN 











176 


(A ‘H) &pmig sounpog m0qnyo yy 
A ATaVL 






177 


: 
4 
y 
: 
8 
: 


T¢ 
IA Poled 





of 
62 
8Z 
Lz 
97 
sz 
A pouag 







































































£°st | o-oF Leh |; Sit | 98 9°19 7OP— @Ze | Szs StL ctz— L¥9 | Z'SI | fee | 9S— so | eet | zz | bz 
£°Sst | OSh | Leh | SIE | $°99 9°19 ass— 7@ZE | 086 SPL Lez— LOO | 6O'7T | fh | 87 ¢$°0 $°6 | ce | £7 
c’aT 7’nec ,’*oe cry n'a nr 1 770 CK cue orr sa) n’°o cee a en | pen! wee | 77 








| £79 | O'S9 | O'6T | FOZ | SIS | 79 + | Lee j ' ; 81 
| £°% | O'S9 | O61 | OS™ |S 8. + | Lt , LI 
‘09 | O99 | O61 | Sor | OF — | Lt 91 
"eS | O99 | O'6T | FFT "18 | ses— | Lbz | z : ; ; 3 ST 
‘$9 | 0°S9 | O'6T | FEZ | SIS | BBh— | LH | ¢° tI 


| 

| | 

| — |los9|oer| — _ Lez 190 | - eI 
| III poured 








ai 

I 

ol 

6 

8 

l 
IT Poled 


Le— Lvz 907+ 
60% — L¥Z 07+ 
O?Z+ | Lb 97+ 
691+ | 02 £0€+ 
£6 + | 202 LLe+ 
SEIt+ | L0Z 7ze+ 


Nin wH 


mw 

















‘S | + LOZ OTT | 9bZ+ 
“L9 | 867+ L0Z SOIT | 147+ 
‘L9 | 99€+ L02 SOIT | Lbz7+ 
“49 | SSE+ elt BOTT | ShZ+ 
‘L9 | 61b+ elt SOIT | OLZ+ 
“L9 | O8€+ elt 89IT | S%?Z+ 














~ i i i mX h&X 


I 
[ pouag 


Zz 
: 
) 
= 
re 
a. 
Z 
z 
e) 
4 
Zz 
<3) 
— 
_ 
n 
my 
= 
Ay 
n 
a 


ro aoureg Joos | oury | | Qoueleg JOOIS | euTIQ | AIMeIGg 
I } } | 














JOOS | auLEQ, | ArB}IIGG) [OOIS sung | Arejerqg | souejeg | oo3s | sump 





(Avp/‘3u1) snoaondsond (Aep/'3ut) maIZTVS (Aep/'w3) NZOOULIN 


(Aep/bqu) marssviod | (Aep/byu) mardos 








(S$ *H) &pnig saunpog o1j09070 yy 
IA ATEVL 














we 








3,5,3’-L-TRIIODOTHYRONINE AND L-THYROXINE IN MYXEDEMA 179 


tion but in no manner bear a quantitative relationship to changes in oxygen 
consumption. 
Nitrogen metabolism 
The alterations in nitrogen metabolism consequent to the administration of 
a single dose of di-thyroxine result in a marked shift to negative nitrogen 
balance due to increased urinary excretion of urea, creatine and other nitrog- 
































































































































Kou NITROGEN BALANCE 
84 
64 
4 -. 
4% - . it 
dq [HHT i 7 
: 
44 
@ 
A 
10 4 we 
2-THYROXINE 
12 42 TRIIODOTHYRONINE 2-THYROXINE 4.8mg sc. 
omg os 1.2mg sc. 
02468 0 2&2 & & ®B 40 42 44 46 48 50 52 54 56 58 60 G2 
TIME IN Days TIME IN DAYS 


Fic. 6. Nitrogen balance following a single subcutaneous injection of either /-triiodo- 
thyronine or /-thyroxine in patient E. M. Dietary nitrogen (grams) is represented by the 
distance below the zero line. The solid portion of the bar represents fecal nitrogen (grams); 
the open bar represents urinary nitrogen (grams). Nitrogen balance is denoted by the dis- 
tance from the top of the open bar to the zero line. 


enous substances (20); in addition, the creatine diuresis occurs early and ap- 
pears to reflect the initial changes in basal metabolism (65). The studies herein 
reported substantiate these findings for both /-thyroxine and /-triiodothyronine; 
the metabolic action of these compounds on nitrogen equilibrium differed only 
in the rapidity of onset and the magnitude of their effects. 

The data on nitrogen balance are presented in Tables IV, V and VI. Ad- 
ministration of /-triiodothyronine produced a marked negative nitrogen 
balance due principally to sharp increases in total urinary nitrogen output 
(Fig. 6). These effects were of greater magnitude than those following equi- 
molar doses of /-thyroxine. The slight and transient rise in the urinary excre- 
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tion of creatinine (Tables VII, VIII and IX) was possibly due to a “washing 
out” effect or to a temporary increase in glomerular filtration rate. Following 
exhibition of /-triiodothyronine marked creatinuria developed whereas follow- 
ing /-thyroxine creatinuria was of lesser magnitude (Figs. 5, 7 and 8). 

The blood non-protein nitrogen was slightly elevated above normal during 
the periods of rapid increases in basal metabolic rate following /-triiodothy- 
ronine, reflecting the rapid catabolism of body protein. In patient H. V., who 






















URINARY VOLUME, CREATINE AND 
CREATININE EXCRETION 

Mg/ 
24 hes! 4-24 HOUR URINE VOLUME 
20004 o- % HOUR URINE CREATININE 

] @- 24 HOUR URINE CREATINE 
18004 
1600) 
14004 
~_ CREATININE 
000- ZTRIIODOTHYRONINE 

4 1Omg sc 
8004 
-_ L-THYROXINE 
400! \2mg se 
200) 

CREATINE 
oO i, 
DIET PERIOD I | ONET PERIOD T | OIET PERIOD 1 | 
' 23 45 67 8 § 0 I 2 8B 4S 6 8 
TIME IN DAYS HS." 22333) 


Fic. 7. Effect on urinary volume and creatine and creatinine excretion following a single 
subcutaneous injection of either /-thyroxine or /-triiodothyronine in patient H. S. The ordi- 
nate represents urine volume measured in cubic centimeters per 24 hours and creatine and 
creatinine excretion measured in milligrams per 24 hours. 


had renal impairment, the non-protein nitrogen of the blood reached levels 
of 86 mg. per cent but subsequently fell to pre-treatment levels during mainte- 
nance of euthyroidism on desiccated thyroid. Serum uric acid levels, which 
were determined serially in only one patient (H. S.), were not significantly 
altered by either compound (20). No significant alterations in total serum pro- 
tein or albumin-globulin ratio were observed. 


Hematocrit 
The decrease in the hematocrit values following exhibition of either /-thy- 
roxine or /-triiodothyronine (Tables VII, VIII and IX) probably represents 
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hemodilution. This has been previously observed after single large doses of 


dil-thyroxine in patients with myxedema (20). 


Electrolytes 


There was no consistent alteration in the serum level of the sodium, potas- 
sium, chloride and carbon dioxide combining power following either /-triiodo- 
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Fic. 8. The effect on urinary volume and creatine and creatinine excretion following a 
single subcutaneous injection of either /-triiodothyronine or /-thyroxine in patient E. M. 
The ordinate represents urine volume measured in cubic millimeters per 24 hours and creatine 
and creatinine excretion measured in milligrams per 24 hours. The dotted line denotes the 


interval between the first and second hospital admissions. 


thyronine or /-thyroxine. Alterations in the urinary and fecal excretion of 
sodium and potassium following the administration of these compounds ex- 


hibited no uniform pattern. 


Calcium and phosphorous metabolism 


Patients with hyperthyroidism maintained on low calcium diets excrete 
larger quantities of calcium than normal subjects (66, 67, 68); in contrast, 
patients with myxedema are said to exhibit diminished calcium excretion in 


comparison to normal subjects (66, 68). Aub, Bauer, Heath and Ropes (66) 





‘o> Saree 
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reported that the average total excretion of calcium in patients receiving diets 
containing approximately 100 mg. of calcium per day was of the magnitude 
of 3.9 mg./kg./day for normal subjects and 2.4 mg./kg./day for patients with 
myxedema. The diminished excretion in myxedematous patients was accounted 
for by decreased quantities of calcium in the urine, approximating 0.9 mg./kg./ 
day. Calcium excretion, both in urine and feces, was reported to increase follow- 
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Fic. 9. Phosphorous balance following a single subcutaneous injection of either /-tri- 
iodothyronine or /-thyroxine in patient E. M. Dietary phosphorous (milligrams) is repre- 
sented by the distance below the zero line. The solid portion of the bar represents fecal 
phosphorous (milligrams); the open bar represents urinary phosphorous (milligrams). 
Phosphorous balance is denoted by the distance from the top of the open bar to the zero line. 


ing the treatment of these patients with thyroid preparations (66). Similar 
observations were made by Robertson (68, 69). Numerous complex factors, 
including previous state of calcium equilibrium, sex, age, type of diet, motor 
activity, gastrointestinal motility, normal daily variations in calcium excre- 
tion, renal status, efc., influence calcium metabolism and are of fundamental 
importance in evaluating studies concerned with alterations in calcium balance. 

The data for calcium metabolism in this study are shown in Tables IV, 
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V and VI. Before therapy, these patients had a total calcium excretion 
averaging 527 mg. per day while receiving diets containing approximately 
637 mg. of calcium per day; this represents a total excretion of approximately 
7.3 mg./kg./day, a value which probably represents normal excretion for this 
diet. In contrast to previous studies with d/-thyroxine and desiccated thyroid 
(65, 67, 68), exhibition of a single dose of /-thyroxine or /-triiodothyronine 
failed to increase either the urinary or fecal calcium excretion. Indeed, the 
urinary calcium excretion tended to decrease during the periods of accelerated 
metabolic rate following /-triiodothyronine. Perhaps the positive calcium bal- 
ance existing prior to therapy, the limited duration of treatment with /-triiodo- 
thyronine and the level of calcium intake were factors influencing this effect. 
Further investigation of calcium metabolism of patients with myxedema should 
be performed before and after treatment in order to clarify the discrepancy 
between the results found in this study and those previously reported. 

Phosphorous excretion in the urine is increased during the treatment of 
myxedema with thyroxine (66, 68, 69). This phosphorous diuresis is presum- 
ably a result of the catabolic effects of thyroxine on myxedema fluids and body 
tissues. Both /-thyroxine and /-triiodothyronine produced marked increases 
in urinary phosphorous excretion (Tables IV, V and VI) reversing the 
previously positive phosphorous balances. Phosphorous diuresis was of more 
rapid onset and greater magnitude following /-triiodothyronine than following 
equimolar amounts of /-thyroxine (Fig. 9). 

No significant alterations in the serum levels of calcium or phosphorous 
were noted before or following therapy with either compound. 


Electrocardiogram 


The electrocardiographic alterations observed before and after the treatment 
of myxedema have been previously described (70, 71, 72). In the present study 
the most significant changes were noted in the T-waves (Figs. 10 and 11): prior 
to therapy, the T-waves in the standard limb leads were either isoelectric or 
inverted; following the administration of /-triiodothyronine, these abnormal- 
ities disappeared and the T-waves became upright. However, similar alter- 
ations occurred after /-thyroxine but more slowly and only after doses of 1.0 
mg. The inverted T-waves characteristic of myxedema were restored to nor- 
mal more rapidly following /-triiodothyronine than following equimolar doses 
of /-thyroxine. 

It is of interest that in patient E. M., in whom slight overdoses of thyroid 
were known to initiate episodes of paroxysmal auricular tachycardia, 1.0 mg. 
of /-triiodothyronine produced such episodes; an equimolar quantity of /-thy- 
roxine failed to incite this arrhythmia. The metabolic stimulation following the 
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ELECT ROCARDIOGRAMS 


fTriiodothyr Onine 1.0 mg. S.C, 


Before 5 Days After 






Lead I 


Lead V3 






Fic. 10. Standard limb lead II and precordial unipolar lead V-3 of electrocardiogram be- 
fore and 5 days after a single subcutaneous injection of 1.0 mg. /-triiodothyronine in patient 





E. M. 
é-Thyroxine 1.2 mg. S. a 
4 Before 6 Days After 
Leed I 
Lead V3 





Fic. 11. Standard limb lead II and precordial unipolar limb lead V-3 of electrocardiogram 
before and 6 days after a single subcutaneous injection of 1.2 mg. /-thyroxine. 
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administration of 4.8 mg. /-thyroxine did, however, induce this abnormal 
tachycardia. 


DISCUSSION 


Assay of the metabolic effects of 3,5 ,3’-/-triiodothyronine in patients with 
myxedema has shown this compound to possess unique potency: (a) the maxi- 
mum increase in calorigenic effect is five to ten times that of /-thyroxine; (}) 
triiodothyronine stimulates the body mechanisms to perform all the meta- 
bolic functions of the thyroid hormone; (c) it accelerates oxygen consumption 
more rapidly than comparable doses of /-thyroxine; and (d) the levels of serum 
protein-bound iodine following its administration appear to be lower than 
indicated by the metabolic status of the patient. It is the first analogue to ex- 
hibit significantly greater calorigenic activity than thyroxine (11, 12). 

The nature of the metabolic interrelations of thyroxine with triiodothy- 
ronine are at present obscure. However, some insight into the biological forma- 
tion of triiodothyronine has been achieved from recent studies. Firstly, tri- 
iodothyronine has been identified in plasma and tissues (5, 27, 28, 29, 32, 33, 
36); from this it may be inferred that this compound exists as a true biological 
entity. Secondly, since it has been identified in the plasma after the adminis- 
tration of radioactive thyroxine to thyroidectomized mice (27), the possibility 
arises, as previously suggested by Gross and Pitt-Rivers (37), that it may be 
formed from the deiodination of thyroxine independent of the thyroid gland. 
Thirdly, its isolation from thyroid tissue (28, 29, 30, 31, 36) may indicate that 
the thyroid gland is also associated with the synthesis of triiodothyronine. 
Fourthly, the finding of triiodothyronine after the incomplete iodination of 
diiodothyronine (27, 35) indicates that this compound can be produced in 
vitro via this mechanism; and further, the finding of triiodothyronine in hy- 
drolysates of iodinated casein (34, 47) suggests alternative syntheses either 
from the condensation of diiodotyrosine with monoiodotyrosine or from the 
deiodination of preformed thyroxine (Fig. 12). 

The observation of disproportionately high levels of serum protein-bound 
iodine in hypothyroid patients receiving /-thyroxine is of particular interest. 
Although patients treated with desiccated thyroid have apparently not ex- 
hibited this finding (73), Robertson and Kirkpatrick (24) observed that hypo- 
thyroid patients receiving /-thyroxine orally may achieve abnormally elevated 
levels of serum protein-bound iodine despite the fact that they are clinically 
and metabolically euthyroid. This phenomenon has also been noted in this 
study, values of protein-bound iodine consistent with euthyroidism being 
present in patients following /-thyroxine at periods when they were meta- 
bolically hypothyroid. One patient who received 4.8 mg. /-thyroxine exhibited 
levels of serum protein-bound iodine usually ascribed to thyrotoxicosis while 
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she was slowly progressing toward euthyroidism. An explanation for this 
phenomenon may lie in the suggested hypothesis that thyroxine itself is weakly, 
or not at all, calorigenically effective and that its presence in the circulation 
represents a reservoir of the thyroid hormone for transformation to triiodo- 
thyronine, the biologically active factor. Moreover, the observation that the 
serum levels of protein-bound iodine are disproportionately low when compared 
to the metabolic status of the patients may indicate that /-triiodothyronine 
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rapidly disappears from the serum to be taken up by the tissues, further sub- 
stantiating the concept that /-triiodothyronine is the tissue form of the thyroid 
hormone. 

Qualitative differences in the activites of thyroxine and triiodothyronine 
support the concept that thyroxine is converted slowly in vivo to triiodothy- 
ronine. The relatively slow and gradual onset of the acceleration of oxygen 
consumption by thyroxine may be due to its conversion to triiodothyronine. 
Whether or not the effects of triiodothyronine persist as long as those of thy- 
roxine, or whether or not the total calorigenic response to equimolar doses of 
either compound are identical, has not been determined. 
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this The calorigenic response of myxedematous patients receiving single small 
kly, doses of /-thyroxine subcutaneously has not been previously reported. The ac- 
tion tivity of /-thyroxine as determined in this study may be compared with that 
»do- of di-thyroxine previously reported. In the classic studies of Plummer and 
the Boothby (1), Boothby, Sandiford, Sandiford and Slosse (20) and more recently 
red Salter, Lerman and Means (24), single large doses of dl-thyroxine were ad- 
line ministered intravenously to myxedematous patients. The magnitude of the 


response to a single 10 mg. dose was of the magnitude of 30 to 40 percentage 
points of the basal metabolic rate or about 3 to 4 percentage points increase 
per 1 mg. of d/-thyroxine. 

Assuming that /-thyroxine possesses twice the calorigenic activity of dl- 
thyroxine (75, 76, 77), one might estimate that 1 mg. of /-thyroxine would 
elevate the basal metabolic rate approximately 6 to 8 percentage points. This 
analogy was substantiated by the results of this study, which indeed showed 
that the basal metabolic rate increased approximately 6 to 8 percentage points 
: per milligram /-thyroxine administered. 
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SUMMARY 


The metabolic activity of single small subcutaneous doses of either 3,5 , 3’-/- 
triiodothyronine or 3 ,5 ,3’ ,5’-/-tetraiodothyronine (/-thyroxine) has been stud- 
ied in three patients with myxedema: 

, 1. triiodothyronine was found to possess qualitatively identical metabolic 
effects as /-thyroxine; 

2. the maximal rise in oxygen consumption following the administration of 
5 l-triiodothyronine was in the range of five to ten times that produced by 
equimolar amounts of /-thyroxine; 

3. /-triiodothyronine produced more rapid and quantitatively greater effects 
on clinical status, diuresis, weight loss and total nitrogen, phosphorous and ; 

creatine excretions than /-thyroxine; 
ith- 4. the serum protein-bound iodine levels following the administration of 
l-triiodothyronine appeared to be disproportionately low when compared to 
mn the metabolic status of the patient; contrariwise, the serum protein-bound 
iodine levels following the exhibition of /-thyroxine appeared to be somewhat 
elevated compared to the metabolic status of the patient; 

5. l-thyroxine produced approximately twice the effect on oxygen consump- 
tion as reported for d/-thyroxine. 

The remarkable potency of small quantities of triiodothyronine suggests that 
thyroxine may in itself be calorigenically inactive and that it accelerates oxy- 
gen consumption only as it becomes deiodinated in the tissues to form tri- 
iodothyronine. The postulation appears tentatively acceptable that triiodo- 
thyronine represents the functional constituent of the thyroid hormone. 
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APPENDIX 


CASE HISTORIES 


E. M. #310945. A 48 year old white housewife entered The Johns Hopkins Hospital 
for the first time in 1944. Eleven years before she had had a two stage thyroidectomy at 
another hospital for thyrotoxicosis which resulted in complete relief of her symptoms. Four 
or five years following this operation she noted shortness of breath, weakness, edema of the 
eyelids and ankles, increased huskiness of the voice, weight gain, dryness of the skin and 
coarsening of the hair for which desiccated thyroid therapy was instituted by her physician. 
However, sometime thereafter, because of an episode of weakness and fainting, the thyroid 
medication was discontinued until her first hospitalization. On admission she was found to 
have the classic features of myxedema, a basal metabolic rate of minuts 40 per cent and a 
serum cholesterol of 668 mg. per cent. On approximately three grains of desiccated thyroid 
a day she showed remarkable improvement; her cholesterol decreased to 190 mg. per cent 
and she became clinically and metabolically euthyroid. She continued to take two to three 
grains of desiccated thyroid following discharge. In 1949, the patient experienced her first 
episode of paroxysmal auricular tachycardia. These episodes were subsequently noted at 
infrequent intervals and were readily controllable by carotid sinus or eyeball pressure. 
Three months prior to the patient’s second admission in October 1952, she began to have 
more frequent episodes of paroxysmal auricular tachycardia which became increasingly more 
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difficult to revert. Because of this, thyroid medication was discontinued; however, the de- 
velopment of symptoms of hypothryoidism soon became apparent and the patient was re. 
ferred to the hospital. On admission, she again exhibited classic signs and symptoms of myx- 
edema, her basal metabolic rate at that time averaged around minus 40 per cent and her 
serum cholesterol determinations ranged between 700 and 900 mg. per cent. A radioactive 
iodine tracer test showed no significant uptake and her serum protein-bound iodine was 1.9 
micrograms per 100 ml. The episodes of auricular tachycardia had ceased sometime after 
the discontinuance of thyroid medication. A summary of the studies on this patient are 
given in Table VII. On October 16, 1952 she was given 1.0 mg. of /-triiodothyronine sub- 
cutaneously and metabolic studies were performed during the remainder of her hospital 
stay. She was discharged on October 31, 1952 and followed as an out-patient without any 
further thyroid medication. The patient was readmitted on November 17, 1952 with an 
alveolar abscess which was incised and drained by the dental service of this hospital; on 
treatment with penicillin, there was a subsidence of her fever and pain. After the patient 
had been asymptomatic for several days and maintained a normal temperature, metabolic 
balance studies were reinstituted. On November 26, 1952, after a preliminary control period 
during which her basal metabolic rate was minus 30 per cent and her serum cholesterol 548 
mg. per cent, the patient was given 1.2 mg. of /-thyroxine subcutaneously. Seven days later, 
at a time when her basal metabolic rate was minus 29 per cent and her serum cholesterol was 
500 mg. per cent, the patient was given 4.8 mg. of /-thyroxine subcutaneously. She was 
studied for the next 12 days (Table VII) and discharged from the hospital on desiccated thyroid 
half a grain orally per day. On this dosage the patient’s basal metabolic rate has stabilized 
at approximately minus 10 per cent, a level at which she feels perfectly comfortable and is 
clinically euthyroid, and at the same time free of attacks of paroxysmal auricular tachy- 
cardia. 

H. V. #621622. A 42 year old white housewife was admitted for the first time to The 
Johns Hopkins Hospital on October 17, 1952 because of a subarachnoid hemorrhage. The 
patient’s past and family histories are unremarkable except for the fact that she was told 
by a physician several years previously that she had a “bad kidney” on her right side. At 
that time her blood pressure was reported to have been 180/90 and her urine contained 2 
plus albumin. She had not been known to have passed any urinary calculi. One year prior to 
admission her blood pressure was reported to be in the range of 120-130/80. For approx- 
imately two to three years prior to admission the patient had been developing some puffiness 
of the face particularly about the eyes and had gained an unknown amount of weight. Her 
hair became coarse, her voice became deep and husky, her appetite poor. She noted in- 
tolerance to cold, dryness of the skin, easy fatigability and had a somewhat sallow com- 
plexion. There was no past history suggesting goiter or thyroiditis. She noted no change in 
her menstrual periods, the last period being a month prior to admission. The patient never 
complained of any headaches or diplopia, but always had easy bruisability of the skin. On 
the day of admission she was found slumped over a chair, having been up and about several 
minutes previously. 

Initial physical examination showed a temperature of 96.4°, pulse 80, respirations 20, 
blood pressure 180/100. Her hypertension subsided over the next few days to within normal 
limits and remained around 120/80. The patient exhibited all the classical features of spon- 
taneous myxedema. She had remarkably dry, coarse, thick and sallow skin, coarse and 
brittle hair, marked periorbital edema with puffiness of the face, and a deep, hoarse voice. 
Her mucous membranes were pale. There were numerous ecchymotic areas over the skin 
of the arms and legs which cleared following therapy. The patient’s skin exhibited easy 
bruisability, but blood coagulation studies were normal. Her extremities were cold; her finger- 
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nails were brittle. There was no thyroid tissue palpable in the neck. Axillary and pubic hair 
were present in normal quantity. Radioactive iodine tracer studies showed no uptake in 
the region of the thyroid gland and her serum protein-bound iodine prior to therapy was 
1.0 microgram per 100 ml. Serum cholesterol was 325 and 365 mg. per cent. Neurological 
examination revealed a stiff neck, a mild right facial weakness, inequality of the pupils and 
an extensor-plantar response on the right. Lumbar puncture showed grossly bloody spinal 
fluid with normal dynamics. Skull x-rays were reported within normal limits. 

The patient regained consciousness the day after admission and her condition progres- 
sively improved insofar as her subarachnoid hemorrhage was concerned. On October 30, 
1952 she was transferred to the Metabolic Ward. At this time she was fully alert, able to 
take the prescribed diet and exhibited consistently reproducible basal metabolic rate de- 
terminations. She had a mild retention of non-protein nitrogen ranging between 57-62 mg. 
per cent and her urine contained one plus albumin. Intravenous pyelography showed re- 
duced function in both kidneys; insufficient dye concentration made visualization of ana- 
tomical defects difficult. Phenolsulfonphthalein excretion was reduced, being 5 per cent in 
30 minutes and 40 per cent in two hours. On October 27, 1952 the patient received 0.6 mg. 
of /-thyroxine subcutaneously. At that time her basal metabolic rate was approximately 
minus 30 per cent and her serum cholesterol was 355 mg. per cent. Nine days later, on No- 
vember 5, 1952, she received 0.5 mg. of /-triiodothyronine subcutaneously. /t that time her 
basal metabolic rate was approximately minus 33 per cent and her serum cholesterol was 
298 mg. per cent. On November 14, 1952 she was given 1.0 mg. /-triiodothyronine subcutane- 
ously. At that time her basal metabolic rate was approximately minus 31 per cent. These 
studies are summarized in Table VIII. She was started on one and a half grains of desic- 
cated thyroid orally on November 23, 1952 and this has been continued until the present 
time. She was discharged December 2, 1952 and on this therapy, has maintained an 
euthyroid status. 

H. S. #223330. A 58 year old white housewife was admitted to The Johns Hopkins 
Hospital for the first time in November 1952 for symptoms of myxedema. About 13 years 
prior to admission the patient underwent a thyroidectomy for classic symptoms of thyro- 
toxicosis. At that time she was found to have a somewhat elevated blood pressure. A year 
following operation she developed puffiness about the cheeks and eyes, increase in weight, 
loss of hair, and scanty and irregular menstrual periods. The diagnosis of hypothyroidism 
was made and the patient was started on one grain of desiccated thyroid a day which she 
took irregularly. Thyroid medication was completely discontinued about three to four 
months prior to admission. When seen in the Out-Patient Department, she had basal meta- 
bolic rates of minus 23 and 28 per cent and her serum cholesterol ranged between 548 and 
1030 mg. per cent. Radioactive iodine uptake was in the hypothyroid range and her serum 
protein-bound iodine was 1.1 micrograms per 100 cc. She was placed on the Metabolic Ward 
and on December 4, 1952 was given 1.2 mg. of /-thyroxine subcutaneously. Six days follow- 
ing this, when her basal metabolic rate was minus 19 per cent and her serum cholesterol 500 
mg. per cent, she was given 1.0 mg. of /-triiodothyronine subcutaneously. These studies are 
summarized in Table [X. She was discharged on December 18, 1952 on one grain of desiccated 
thyroid orally per day and has been euthyroid since discharge. 
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BOOK REVIEWS 


(These reviews represent the individual opinions of the reviewers and not 
necessarily those of the members of the Editorial Board of the Bulletin) 


Carbohydrate Metabolism. Correlation of Physiological, Biochemical and Clinical Aspects. 
Revised Edition. By SAMVEL SOSKIN AND RACHMIEL LEVINE. 346 pp., $8.50. Uni- 
versity of Chicago Press, Chicago, Illinois. 

This is the second edition of a book “intended to serve as a correlative text to students of 
physiology, biochemistry and medicine.” Prefaced by this statement the authors have set 
themselves the difficult and exacting task of satisfving not one but three scientific masters. 
This attempt, though commendable, does not entirely fulfil the good intentions of its authors. 
For while Drs. Soskin and Levine have produced an interesting and often stimulating ac 
count of the subject, it lacks the balance and sense of proportion required for a student’s 
text. 

The authors have long been associated with the “overproduction theory” of diabetes 
mellitus. They have been energetic advocates of the view that the primary defect in diabetes 
lies not in the failure of utilization of carbohydrate by the diabetic organisms, but in the 
excessive production of glucose by the liver. In support of this view, which runs almost as 
a theme through several sections of the book, the authors have not only marshalled experi- 
mental evidence, but have been at pains to re-evaluate much of the data in the classical 
literature of diabetes. In particular, the Dextrose-Nitrogen Ratio and the Respiratory 
Quotient suffer from this attack. The constancy of the former (even in Minkowsky’s original 
experiments) is seriously questioned and the value of the R. Q. as an indication of the food- 
stuff undergoing oxidation is shown to be based on unjustified assumptions. 

The main experimental evidence in support of the “overproduction theory” is derived 
from measurements of the utilization of glucose by hepatectomized and eviscerated animals 
both depancreatized and normal. At the clinical level, others have attempted, with in- 
different success, with hepatic vein catheterization and bromsulfalein as a measurement of 
hepatic blood flow, to demonstrate an excessive output of glucose from the liver of diabetic 
patients. Against this must be set a body of other data supporting the opposite theory. And 
while it may be granted that many of the technics used in the earlier balance type studies 
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are open to criticism, there still remains an impressive amount of work which cannot be so 
easily controverted. A few examples will suffice. The isotopic studies of Chernick, Chaikoff 
and others point to definite blocks in the metabolism of glucose by the diabetic organism 
and tissues. It seems injudicious, too, to dismiss in one short paragraph the work from 
Cori’s laboratory on the effect of insulin on the hexokinase reaction. Also, while the rat 
diaphragm preparation does not readily permit the demonstration of an increase of oxygen 
consumption as an effect of insulin, this effect can be demonstrated by other preparations, 
e.g. the extensor digitorium muscle of the rat. 

There are innumerable unexplained aspects in these related problems—the mode of action 
of insulin and the metabolic defects in diabetes. No doubt, too, there are many inconsistencies 
in the evidence at present available. But it is to be questioned whether it is helpful, either to 
the student or to the investigator, to elevate this academic controversy of overproduction 
versus under-utilization to a dominant position in a work of this nature. 

In preparing this revision relatively few changes have been made, considering the numerous 
contributions to the subject since 1946. Three sections—on alloxan diabetes, hyperglycemic 
glycogenolytic factor and the lipotrophic activity of the pancreas—are new or much enlarged. 
For the rest the original plan of the volume has been retained, with an increase in size amount- 
ing to about thirty pages. Most chapters are substantially the same with some additions to 
the text and to the bibliography to cover some of the new work. A few chapters, among them, 
surprisingly, that entitled “Present Frontiers of Research in Metabolism” appear to be re- 
printed unchanged. A notable omission, from the biochemical standpoint is the failure to 
mention coenzyme A in the section on intermediary metabolism. The bibliography appears 
to be adequate, but the index might be considerably expanded for the benefit of those using 
this work for reference purposes 

ALAN J. KENNY 


Clinical Endocrinology. Vols. I and Il. By Lewis M. Hurxtuar anp NATALIJA MUSULIN. 
1599 pp., $24.00. J. B. Lippincott Co., Philadelphia, Pa. 

This is an extensive work which deals with all the endocrine glands, together with growth, 
obesity, and metabolism, and also includes chapters on certain organs which may be con- 
cerned with the endocrine system such as the hypothalamus and the liver. The text is in 
outline form and as such is composed of multiple lists of facts and statements. The chapters 
on the endocrine glands are divided into preclinical and clinical sections. The preclinical 
section deals with history, anatomy, physiology, biochemistry, and pathology and presents 
the clinical findings which result from hyposecretion or hypersecretion by the glands. The 
clinical division contains all the clinical manifestations of disorders of the glands together 
with diagnostic and therapeutic measures. Several protocols of typical cases of endocrine 
disorders are included at the end of each chapter. 


The majority of items listed are well documented. However in the sections on physiology 


many functions ascribed to some glands are by no means established as facts. Even though 
some statements are followed by an interrogation point, the reader who is not familar with 
the work in the particular field may be misled unless he consults many additional references. 
For instance there are classified as pituitary hormones the adrenomedullotropic principle, 
the parathyrotropic hormone, the splenotropic principle, and the renotropic factor. Evidence 
for the existence of these is very insecure. Likewise in the sections on treatment many forms 
of therapy are proposed for which there is little rational basis and no conclusive evidence 
that they are effective. Rather than present some therapeutic measures and state that they 
are not recommended, such as PABA in the treatment of hyperthyroidism, it might have been 
wiser for the authors to omit such subjects entirely. There are occasional errors in interpreta- 
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tion of subject matter. The authors assert that radioactive iodine studies do not correlate 
well with degrees of clinical hyperthyroidism. However, experience in the past few years 
has convinced most clinicians interested in patients having thyroid disorders that the radio- 
jodine tracer test is a valuable adjunct in the diagnosis of thyroid disease and provides an 
excellent index of thyroid function. It is stated that progesterone is a 17-ketosteroid, but this 
compound is really a 20-ketosteroid. 

These two volumes do not represent a text which one would desire to peruse to gain in- 
formation. For the occasional student who is adept at memorizing numerous lists of facts 
this work should be delightful. For practical purposes however it should serve as excellent 
reference books both for the academician and the practicing physician. There is a wealth 
of information set forth which should be most useful to clarify many problems in the class- 
room and the clinic. For further edification on certain controversial subjects the reader would 
be advised to consult the references at the end of each chapter. 

Joun G. WISWELL 


A Manual of Clinical Allergy. Edited by JoHN M. SHELDON, RoBertr G. LOVELL AND 
KENNETH P. MATHEWS. 413 pp., $8.50. W. B. Saunders Co., Philadelphia, Pa. 

[his book is an excellent summary of the diagnostic procedures and the therapeutic 
measures that are advocated by those who have made important contributions by funda- 
mental research and are practiced by those who are especially trained in the field of allergy. 
The manual consists of twenty chapters and five short appendices. The index is a helpful 
addition to the book. A brief summary follows each of the twenty chapters. 

This book should be of inestimable value to the medical student who has received only 
a smattering knowledge of allergy during his education, for it presents briefly in the first 
four chapters the immunochemical aspect of allergy; it emphasizes the importance of a 
thorough diagnostic study of the patient; then it presents the details of allergic study, as 
the technic of skin testing, and special laboratory procedures in arriving at the diagnosis 
of hay fever, allergic vasomotor rhinitis, and bronchial asthma. 

Chapters five, six, seven and eight give detailed description of the methods of treatment 
and of the drugs which are recognized as the best and most conservative, and are being 
used by the majority of those who specialize in allergic diseases. 

Chapters nine to fourteen discuss briefly the less common allergic manifestations; such 
as, drug allergy, food allergy, dermatologic problems, headache and ophthalmic allergy. 
Of these chapters, the one that pertains to ophthalmic allergy is inadequate, for no mention 
is made of bacterial allergy which plays such an important role in ophthalmology. 

The two chapters on the identification of pollen by Mr. O. C. Durham and fungus and 
mold by Mr. C. M. Christensen, respectively, should be of great value to all clinical al- 
lergists. The pollen photographs are excellent. 

In the remaining chapters the authors briefly discuss the endocrine aspects of allergy, 
vascular allergy, and the psychologic aspects of allergy. Their brevity is probably intentional 
as the book is not a reference manual. No controversial discussion is presented. 

The appendices are of little value to the medical student, but to the young allergist who 
has been adequately trained in one of the larger clinics, they should be most helpful. 

In summary this manual is, as the name implies, an outline of the knowledge that has 


been discovered through research and through clinical trial by the many conservative phy- 


sicians who have been especially interested in immunology and clinical allergy. It would 
have been materially strengthened if the authors had included more references in the foot- 
notes of each chapter. 

LESLIE N. Gay 
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Don’t Be Afraid of Your Child. By H1LpE Brucu. 297 pp., $3.75. Farrar, Straus and Young, 
New York. 

This is an excellent, very readable book, designed primarily for parent education, which 
approaches the problem of child rearing in a sensible manner. It restores parents to the 
status of human beings and presents a healthy philosophy of parenthood, aimed at counter- 
acting the mass of psychological “‘do’s’” and “don’ts” which have been increasing at a 
frightening rate since the beginning of this century. There is hardly a media that has not been 
used for this assault on parents. Amidst this bewilderment of directions, mothers and fathers 
have had their sense of personal security seriously shaken and have been constantly remon- 
strating with themselves as to the rightness of their actions in regard to their children. Their 
reflected uneasiness has served to complicate the problem only more. Many parents have 
reached the point where they even ask their mentors “how they should feel” when their 
progeny behave in certain fashions. Dr. Bruch emphasizes the recognition by parents of 
their own feelings and reliance on these as meaningful frames of reference for raising their 
children as opposed to giving themselves over to this, that, or the other “expert’s”’ doctrine, 
whichever happens to be fashionable. She also convincingly discusses the question of per- 
missiveness and its host of misinterpretations which have resulted in the notion that any 
form of constraint upon children is bad. Children need to learn control so that they may 
comfortably and effectively live in society. They learn this from their parents. It does not 
occur magically by interdicting any interference in their behavior. She amplifies this ad- 
mirably in her discussion on discipline and places this much argued topic in a very reasonable 
perspective. As well, many other of the usual problems, including childbirth, are covered 
very adequately, supplemented by several practical suggestions that have proven useful 
in her own practice. The chapter that deals with sex as related to growing children is par- 
ticularly lucid and enlightening. There is no doubt that this little volume will well fulfil 
its avowed purpose “as a guide for perplexed parents” and help supplant the threats of 
parenthood with more mutual enjoyment and benefit for all. 

Lester H. GLIEDMAN 


Post-Graduate Lectures on Orthopedic Diagnosis and Indications. By ARTHUR STEINDLER. 
Vol. III, 284 pp., $8.75. Vol. IV, 312 pp., $9.75. Charles C Thomas, Springfield, Illinois. 
These two volumes complete the series of books under this title. Volume II is devoted to 
skeletal tuberculosis and osteomyelitis, while the last volume considers arthritis and diseases 
of the muscles, bursae, tendons and fasciae, and deficiency and degenerative diseases of the 
locomotor system. In form the books are similar to the earlier volumes, that is, the subject 
matter is presented as a series of “lectures”. The “post-graduate” character of the lectures 
is brought out by attention to studies and details not found in the usual student’s text-book. 
As one may expect when the more advanced ideas are included, there are brought up some 
facets which are still controversial, but the author does not neglect the accepted concepts 
and often documents his own beliefs. 
In this series, Steindler has made available a valuable repository of orthopedic information. 
I. WittraAM NACHLAS 


Diagnostic Bacteriology, 4th edition. By ISABELLE GILBERT SCHAUB AND M. KATHLEEN 
FoLey. 356 pp., $4.50. The C. V. Mosby Co., St. Louis, Missouri. 

The fourth edition of Mrs. Schaub’s and Miss Foley’s book Diagnostic Bacteriology has 
indeed become a text-book rather than a manual. It retains, however, its very practical 
nature although much more theoretical material and excellent references are included in 
this edition. The material is completely up to date. Some chapters have been completely 
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re-written describing newer bacteriological methods and cultural media. The section on the 
identification of the gram-negative enterobacilli is particularly timely. A new part has been 
added covering the very important subject of sensitivity of organisms to anti-microbial 
agents. Very carefully described methods of determining sensitivity are included as well 
as simple tables to guide one in interpretation of results. 

The size of the volume has been reduced by elimination of the blank facing sheets desig- 
nated for notes. 

This text is highly recommended not only to the bacteriologist but to the medical student 
and the practicing physician. For the latter it is an invaluable aid in practice. 


J.C. H. 


Einfiihrung in die Enzephalographie (Pneumenzephalographie). By Otro SCHIERSMANN. 
135 pp., Ganzl. DM 36. Georg Thieme Verlag, Stuttgart, Germany. 

This is a concise, readable and well-illustrated “Introduction into Encephalography”’. A 
good reading knowledge of German is required to appreciate the book. 

rhere is an adequate description of relevant anatomy and physiology—a few more illus- 
trations would not be amiss. The more recent work in C.S.F. physiology using radioactive 
isotopes and deuterium is not mentioned. 

The author’s technique of air injection is meticulous and well presented. He advocates 
very slow injection and continuous pressure control during the injection to reduce side re- 
actions, as well as fluoroscopic control throughout the procedure. He believes that in most 
cases partial (at least one-half of the volume) fluid-air exchange is the method of choice, 
since confusing superimposition of ventricular contours is reduced in this way. Six exposures 
which include lateral views with the face and the occiput up, constitute the author’s routine 
series. 

The chapters on the normal encephalogram and borderline pathological changes are ex- 
cellent and very well illustrated. The author’s “Ventricular Index” relates biparietal diam- 
eter to ventricular width on the PA films. This may be useful in detecting borderline hydro- 
cephalus. 

The last one-third of the book deals with pathological changes produced by tumors, trauma, 
inflammations, degenerations, congenital lesions, etc. Again there are numerous and ex- 
cellent reproductions (unfortunately most of them negatives) with detailed legends, many 
of them with line drawings. The text is adequate. 

Throughout, the author maintains a sound, critical attitude. Time and again he warns 
against the pitfalls of the method and against over-interpretation of doubtful detail. 

GUNTER SCHULTZE 


Die Friihdiagnose des Uteruscarcinoms. Histologie, Kolposkopie, Cytologie, Biochemische 
Methoden. By Hans Limpvrc. 208 pp., Ganzleinen DM. 19.50. Georg Thieme Verlag, 
Stuttgart, Germany. 

This small volume brings together the current information about the early diagnosis of 
carcinoma of the uterus, especially of the cervix. It emphasizes the cytological and biopsy 
technics, which are now being widely used by many gynecologists in this country. A good 
portion of the book is concerned with the technic and importance of colposcopy. This diag- 
nostic technic has not been generally accepted by American gynecologists, who are inclined 
to regard the method as interesting but unnecessary, especially with the advent of the smear. 
For this reason this volume may not have wide appeal to American readers although those, 
who are interested in the current views on colposcopic technic and value, will find them 
well summarized here 
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One of the most interesting portions of the book is a summary of the biochemical and 
histochemical research on the early carcinomatous changes in the cervix. The phosphatases 
and glycogen changes in carcinoma are particularly well summarized. There is at the present 
time very little of diagnostic use in the many histochemical technics which have been ap- 
plied to the cervix, but for those who are interested in the purely academic aspects of the 
subject, they will find them well summarized. 

HowarD W. Jones 
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